A novel dipeptide, N-(2,6-diamino-6-hydroxymethylpimelyl)-L-alanine, was isolated from the culture broth of a microorganism identified as Micromonospora chalcea. The dipeptide exhibits antimicrobial activity against Escherichia coli on a synthetic medium, and the activity is synergistically enhanced by several cell wall synthesis-inhibitors.
In the course of a screening program for new substances which exhibit antimicrobial activity against Escherichia coli on a synthetic medium from the genus Micromonospora1,2), a strain numbered PA-3534 and identified as Micromonospora chalcea, was found to produce an active substance. It was also found that the activity of the substance was enhanced by penicillin G or some other cell wall synthesis-inhibitors. The active substance was purified and its structure was determined to be N-(2,6-diamino-6-hydroxymethylpimelyl)-L-alanine.
The fermentation and isolation of the active substance as well as the physico-chemical and biological properties involving the structural evidence and the observation on its synergistic action are presented in this paper.
Taxonomic Studies on the Producing Organism
The strain numbered PA-3534 was isolated from a soil sample collected at Ariake Bay, Fukuoka Prefecture, Japan. The strain showed the following taxonomic characters.
The morphology of the strain was studied on cultures grown on BENNETT'S agar at 28°C for 21 days. (NH4)2SO4 0.1 %, glucose 0.2 %, pH 7.0) and agar 2.0 %. To the above medium (without agar) in a test tube, the organism was inoculated and incubated at 37°C overnight. An assay plate was prepared using the above medium including agar 1.5 % seeded with ca. 0.02 % (v/v) of the above culture by the usual manner for paper disk agar diffusion method. A paper disk (6 mm diameter, for antibiotic examination) was used in this experiment.
Production and Isolation
Spores of the strain PA-3534 were inoculated into 100 ml of a medium composed of peptone 0.5 %, soluble starch 0.5 %, glucose 0.5 %, beef extract 0.5 %, yeast extract 0.25 % and NaCl 0.25 %, pH 7.0, in a 500-m1 Sakaguchi flask, and shake-cultured at 28°C for 3 days. A 4-ml portion of the culture was then transferred to 100 ml of a medium composed of Bacto-Soytone (Difco) 1.5 %, corn steep liquor 0.5 %, glucose 2.0 %, glycerin 0.5 %, NaCl0.3 % and CaCO3 0.3 %, pH 7.0, in a 500-m1 Sakaguchi flask, which was shake-cultured at 28°C for 4 days.
The culture broth (5 liters) as above was filtered by filter paper and the filtrate was passed through a column of an ion exchange resin, Dowex 1 ×2 (CH3COO-) (0.8 liter) at pH 10.0. The adsorbed materials on the column were eluted with 0.3 N acetic acid. The eluate fractions which exhibited activity by the above assay procedure were collected and decolorized with 12 g of active carbon (Darco G-60). The active substance was then adsorbed on a column of Dowex 50 × 2 (NH4+) (50 ml) at pH 2.0 and eluted with 0.3 N NH4OH. The active eluate fractions were collected, concentrated and freezedried, giving a crude material (3.0 g). The crude material was then subjected to preparative paper The extract was neutralized with IR-4B (OH-), freeze-dried and then further purified by preparative thin-layer chromatography on silica gel plates (Merck silica gel GF, 750µ, 20×100 cm) with i-propanol -14% ammoniacal water (2: 1). The zone of the active substance was detected by ninhydrin reaction (Rf ca. 0.25) and extracted with 50% aqueous methanol. The extract was concentrated to a nearly aqueous solution, from which the active substance was adsorbed on a small column of Dowex 50×8 (NH4+) at pH 2.0 and eluted with 0.3 N NH4OH.
The eluate was freeze-dried, then dissolved in a small amount of water and precipitated by acetone, giving a pure preparation of the active substance (870 mg).
Physico-chemical Properties and Structural Studies
The active substance obtained as above is a colorless amorphous powder, mp 200~210°C (dec.).
It gives a single spot on paper chromatograms and thin-layer chromatograms ( Table 2) When the substance was hydrolyzed with constant boiling hydrochloric acid at 110°C for 20 hours and the hydrolyzate was analyzed by an automatic amino acid analyzer, the presence of two amino acids (alanine and an unknown amino acid) was indicated. Further, when the substance was dinitrophenylated in the usual manner and then hydrolyzed, a mono-DNP-derivative of the unknown amino acid (ninhydrin positive) and alanine was detected by amino acid analysis and thin-layer chromatographic experiments. Thus, the active substance was assumed to be a dipeptide composed of the unknown amino acid and alanine.
To obtain both constituent amino acids, some 100 mg of the active substance was hydrolyzed in the same manner. After concentration to dryness, the hydrolyzate was subjected to preparative paper chromatography on Toyo Roshi No. 51 with n-butanol -acetic acid -water (4: 1: 2). Two separated ninhydrin-positive zones (Rf: 0.31 and 0.07) were extracted with water and purified by adsorption on a Dowex 50×8 (NH4+) column and elution with 0.3 N NH4OH. Freeze-drying of both eluates gave alanine (23 mg) and the unknown amino acid (63 mg).
The alanine is proved to be in L-configuration: as follows:
The amino acid was acetylated with acetic anhydride in a dilute sodium bicarbonate solution, affording 2-acetylamino-6-amino-6-hydroxymethylpimelic acid (III in Scheme 1). It was treated with NaIO4 in a dilute alkaline solution and followed by oxidation with KMnO4. To elucidate the structure of the active substance (dipeptide) it was necessary to determine which side of the carboxyl group of 2,6-diamino-6-hydroxymethylpimelic acid was linked to the amino group of alanine. SHEINBLATT had reported a method for determination of sequence of amino acid residues in di-and tripeptides by 1H-NMR techniques7). The method is based on the following facts: A neutral peptide molecule in aqueous solution exists as a zwitterion having positively charged groups (NH3+) and negatively charged groups (COO-). Addition of base to an aqueous solution of a peptide neutralizes the NH3+ group. Consequently the spectrum of the adjacent group should shift toward higher field.
On the other hand, the addition of acid results in the protonation of the ionized carboxyl group and consequently the spectral line of the adjacent group should shift toward lower field. The principle of this method was employed to resolve the above problem.
The zwitterionic form of the proposed structure of the dipeptide is illustrated in Scheme 2 and the shifts of spectral lines by addition of acid or base in 1H-NMR spectra are listed in Table 5 .
The spectral line of 10-CH and to a smaller extent the spectral line of 11-CH3 shifted downfield in the acidic solution, indicating the presence of a neighboring carboxyl group. The spectral line of 8-CH2, which is present in the p-position from both negative charged and positive charged centers, shifted in a smaller magnitude at both acidic and basic pHs. With respect to the spectral line of 2-CH, a much greater upfield shift by addition of base was observed, as compared with a small downfield shift by addition of acid. This indicated the presence of an amino group but the absence of a carboxyl group in the neighborhood of 2-CH.
Thus, the structure of the dipeptide was determined except for the configuration at 6-C as I in Scheme
Biological Properties Antimicrobial activity was assayed by paper-disk agar diffusion method ( Table 6 ). The dipeptide was active against E. coli NIHJ JC-2 and E. coli EC-14, but not against E. coli K-12 W3110 on DAVIS medium. However, when assayed on nutrient medium, no activity was shown. A very limited antimicrobial activity is observed with the dipeptide; i.e. against some strains of E. coli on a synthetic medium, and this activity is synergistically enhanced by several cell wall synthesis-inhibitors.
It may be considered that the action mechanism of this dipeptide is concerned with the cell wall synthesis of the E. coli strains.
However, we have no clear evidence in support of this hypothesis at present by observation of the morphological change of the E. coli cells affected by this dipeptide.
